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(54) Semiconductor memory with a timing controlled for receiving data at a semiconductor 
memory module to be accessed 



(57) In a semiconductor memory, a plurality of sem- 
iconductor memory modules (21, ....2n) are connected 
through a common clock signal line and one or more 
other signal lines to an accessing circuit. The accessing 
circuit has a timing information storage unit (3A, 3B) for 
storing beforehand access timing information associat- 



ed with the respective semiconductor memory modules 
and a timing varying unit (6A, 6B) for varying a data re- 
ceiving timing at a transfer destination in compliance 
with a semiconductor memory module to be accessed, 
on the basis of the access timing information stored in 
the liming information storage unit. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001 1 The present invention relates to a semiconduc- 
tor menrorv which is applicable to. for example, a sem- 
iconductor disk dcvco (abncated with a plurality of sem- 
iconductor nxjnxjf ICS which is used in a similar fashion 
to a hard d:sk device 

Description of the Background Art 

[0002] For example a book type of personal comput- 
ers includes a memory sprKC which can be extended 
by connecting a cnto u^c semiconductor disk device to 
an extended connocio* s»cn which is adapted for con- 
necting thereto a rvi d disfc drive 

[0003] FIG 2 }>tKJw^ ciarnpkj of semiconductor 
disk device wtnch i^> u^o rT> r^* ^uxiiwiiy memory device 
as mentioned atxjvc ir> f i j c t">c semiconductor disk 
device 1 corhprisc5 ooc o* (^x^c mcoory module groups 
2, a microcompuic' 3 r«,t nicri.»cc 4 a buffer mem- 
ory 5 and a nrKsmory cc-^fo^cf € E.ich of the memory 
module groups 2 compMi..^^ ^ piurniity of rnemory mod- 
ules 21 -2n, each of wt^»:*^ »s consi»tutod of a single chip 
of serial memory si>ct^ fush memory, and has the 
same speed cap^abitiry omor The memory mod- 

ules 21 -2n inthemefTwy mnr%i\f> group 2 a re connected 
in common with a b»Ot*oc orr*l data . line LDAT and a 
clock signal line LCLK 

[0004] It is assumed t^w-rt the memory module group 
2 corresponds to a hcr<je» n n hard disk device; each 
of the memory modules 2' 2n to a cylinder in the hard 
disk device; and an nicrrv^i siorapc area of each of the 
memory modules 2l-2n ic a ofodoiormined number of 
sectors f rom one socio* rOc)f oss to another, where n is 
a natural number 

[0005] The memory moouios 21 -2n are provided for 
the semiconductor dish c>ov<c ' and upon receipt of 
serial data for control ncijdi'ig an address and a sort 
of access, for example :hcy coninuously write thereinto 
or read out thereof cala cc-^Tesponding to a sector, e.g. 
536 bytes of data. 

[0006] To effect a wr tmq oooraion on the semicon- 
ductor disk device 1 there is a need to supply from a 
host computer, not shown irn;»ctua wornrnand including 
information such as a fic-rOui number, a cylinder 
number, the first sector ncmocr the number of writing 
sectors and the like, and an additional command for in- 
structing a writing opor«iiion After issuance of these 
commands, data arc trrinolcrr^ fitter the lapse of a pre- 
determined time correspordi-q to the seek time, the ro- 
tation time and the like 

[0007] Upon receipt of tf^c commands through the 
host interface 4, the micfornrrpu-er :\ d.^codes and con- 
verts the commands into conirol nfofmation accessible 



to a memory module 2i, the control information including 
an indicatbn designating a memory module 2i and an 
address designating a sector in that memory module 2i. 
into which data is to be written, where j is a natural 
5 number between 1 and n. inclusive. The control infor- 
mation thus converted is supplied to the memory con- 
troller 6- On the other hand, transmitted data for writing 
is fed through the host interface 4 to the buffer memory 
5. 

10 [0008] The memory controller 6 sends out serial data 
for control, which consists of an address, a control signal 
for instructing writing and the like, over the bidirectional 
data line LDAT to a predetermined memory module 
group 2 in accordance with the control infomnation out- 
putted from the microcomputer 3, and then sends out a 
sector of data from the buffer memory 5 through a par- 
aflel-to-serial conversion on the bidirectional data line 
LDAT to the predetermined memory module group 2. 
This transfer is repeated on a sector-by-sector basis. . 
20 When the serial data for control is sent out to the bkji-. 
rectional data line LDAT, and when data to be written is 
sent out to the bidirectional data line LDAT, the memory 
. controller 6 sends out, of course, a clock signal to the 
clock signal line LCLK in synchronism with those sond- 
es ing operations, so that data supplied from the host com- 
puter is written into the predetermined memory module 
2i of the memory module group 2. 
[0009] On the other hand, to effect a reading opera- 
tion on the semiconductor disk device 1 , there is a need 
30 to supply from a host computer, not illustrated, to the 
semiconductor disk device 1 a command including in- 
formation such as a header No., a cylinder No., a top 
sector No., the number of writing sectors and the like, 
and an additional command for instructing a reading op- 
35 eration. 

[0010] Upon receipt of the commands through the 
host interface 4, the microcomputer 3 decodes and con- 
verts the commands into control information accessible 
to a memory module 2i. the control information including 
40 an indication designating a memory module 2i and an 
address designating a sector in that memory module 2i, 
from which data is to be read out. The control informa- 
tion thus converted is supplied to the memory controller 
6. 

45 [0011] The memory controller 6 sends out serial data 
for control, which consists of an address, a control signal 
for instructing writing and the like, over the bidirectional 
data line LDAT to a predetermined memory module 
group 2 in accordance with the control information out- 

50 putted from the microcomputer 3, and sends out a clock 
signal on the clock signal line LCLK to the predeter- 
mined memory module group 2 in synchronism with the 
serial data sending operation. Also after sending the se- 
rial data for control, the memory controller 6 continuous- 

55 ly sends out the clock signal on the clock signal line 
LCLK to the predetermined memory module group 2 
and receives data read out from a predetermined mem- 
ory module 2i of the memory module group 2 in re- 
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sponse to the clock signal. The received data are con- 
verted into parRllel data and stored in the buffer memory 
5 through the host interface 4. In this manner, the data 
stored in the buffer memory 5 are transferred via the 
host interface 4 to the host computer. 
[0012] However, the semiconductor disk device 1 in- 
volves such a drawback that a timing relation between 
transfer data and the clock signal deviates from a pre- 
dotcrmincd timing relation at a transfer destination (a 
memory rrxxJule when writing, or a memory controller 
whcr rcHdmg) by the reasons as set forth below: 

( 1) It IS difficutt to avoid such a situation that the tim- 
ing of the ckxk signal with respect to the timing of 
ouiputting data is out of an intended value owing to 
an irrcguianiy caused by manufacturing the mem- 
ory conircltor 

i2) There exists a difference in performance he- 
licon the nxjmory modules owing to an irregularity 
cau>cd by rhanufacturing the memory modules; 

(3) kfiigihi of itie Signal line and the bidirection- 
al idrtta imc wTiich rtre connected to a memory mod- . 
ulc arc varied m dependence upon the position in 
which ihc merrxjry module is loaded, and parasitic 
capkicit*'incc and resistance are varied in depend- 
onco upon a path These cause a delay in transfer- 
ring the signals and data to be varied; and 

(4) The signal linos are mutually different in length, 
which arc connoctcd to associated memory mod- 
ules even in the same memory module group in de- 
pendence upon the position in which the memory 
module is loaded and parasitic capacitance and re- 
sistance are varied depending upon a path. These 
also cause a delay in transferring the signals to be 
varied and 

(5) It ts difficult to avoid the skew of the delay in 
transferring the signals and data. 

[001 3] Consequently when the transfer is effected in 
a certain timing, some memory module will encounter 
critical set-up and hokl timings. Thus, there is a large 
possibility of malfunctions in writing and reading. 
[0014] If the whole memory modules were involved in 
the same timing deviation, it would be possible to avoid 
the above-mentioned inconvenience through, for exam- 
ple, regulating the phase of the clock signal outputted 
from the memory controller. However, for example, as 
shown in parts (a) and (b) of FIG. 3, while there is ob- 
tained a good timing on the memory module 2n which 
is located nearest to the memory controller 6, the mem- 
ory module 21 , which is located farthest from the mem- 
ory controller 6, will encounter severe set-up and hold 
timing, as shown in parts (c) and (d) of FIG. 3. Therefore, 
in such a case, it is impossible to apply the above-men- 
tioned measure. 

[0015] There is a way to prevent malfunctions at the 
time of writing and reading by means of providing a large 
margin of the set-up time and the hold time through elon- 
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gating a cycle time or clock period. However according 
to this way there will occur another problem such that 
the transfer rate at the time of transfer from and to the 
memory module is reduced, and as a result it is obliged 
to decrease the operational speed of the semiconductor 
disk device. 

[0016] This problem occurs on not only with the sem- 
iconductor disk device, but also the various kinds of 
semiconductor memories in which a plurality of memory 
modules own the data line and the clock signal line joint- 
ly with each other 

[0017] It is therefore an object of the present invention 
to provide a semiconductor memory capable of operat- 
ing at high speed such that sufficient set-up time and 
hold time are ensured even in the case where any of the 
memory modules, which own the data line and the clock 
signal line jointly with each other, is accessed. 

SUIVIMARY OF THE INVENTION 

[0018] In accordance with the present invention, in a 
semiconductor memory, a plurality of semiconductor 
memory nnodules are connected through a common 
clock signal line and one or more other signal lines to 
an access means, said access means comprising: a tim- 
ing information storage unit for storing beforehand ac- 
cess timing information associated with the respective 
semiconductor memory modules; and a timing varying 
unit for varying a data receiving timing at a transfer des- 
tination in compliance with a semiconductor memory 
module to beaccessed. on the basis of the access timing 
information stored in said timing information storage 
unit. 

[0019] Further, in accordance with the present inven- 
tion, in a semiconductor memory, a plurality of semicon- 
ductor nriemory rnodules are connected through a com- 
mon clock signal line and one or more other signal lines 
to an access means, said semiconductor memory mod- 
ules being different in operational speed, said access 
means comprising: a timing information storage unit for 
storing beforehand access timing information associat- 
ed with the respective semiconductor memory modules; 
and a clock width varying unit for varying a clock width 
of a clock signal to be applied to a semiconductor mem- 
ory module to be accessed, on the basis of the access 
timing information stored in said timing information stor- 
age unit. 

[0020] Furthermore, in accordance with the present 
invention, in a semiconductor memory, a plurality of 
semiconductor memory modules are connected 
through a common clock signal line and one or more 
other signal lines to an access means, said semicon- 
ductor memory modules being different in operational 
speed, said access means comprising: a timing infor- 
mation storage unit for storing beforehand access timing 
information associated with the respective semiconduc- 
tor memory modules; a timing varying unit for varying a 
data receiving timing at a transfer destination in compli- 
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ance with a semiconductor memory module to be ac- 
cessed, on the basis of the access timing information 
stored in said timing information storage unit; and a 
clock width varying unit for varying a clock width of a 
clock signal to be applied to the semiconductor memory s 
module to be accessed, on the basis of the access tim- 
ing information stored in said timing information storage 
unit. 

[0021] According to the present invention, when a 
semiconductor memory module is accessed, access w 
timing inforrnation associated with the semiconductor 
memory module, which is stored in the timing informa- 
tion storage unit, is derived and the timing varying unit 
varies a data receiving timing at a transfer destination 
in compliance with the semiconductor memory module is 
to be accessed, on the basis of the access timing infor- 
mation. This feature makes it possible to always permit 
an access for the semiconductor memory module in a 
suitable timing even if the semiconductor memony mod- 
ule to be accessed is altered, thereby establishing a fa- 20 
vorable data transfer. , . . 
[0022] Further according to the present invention, 
there are adopted the semiconductor memory modules 
which are different in operational speed. This empha- 
sizes freedom in selecting the semiconductor memory 2$ 
modules. In this case, when a semiconductor memory 
module is accessed, access timing information associ- 
ated with the semiconductor memory module, which is- 
stored in the timing information storage unrt. is derived 
and the clock width varying unit varies the clock width 30 
of a clock signal to be applied to a semiconductor mem- 
ory module to be accessed, on the basis of the access 
timing information. This feature makes it possible to al- 
ways permit an access for the semiconductor memory 
module in a suitable timing even if the semiconductor 3S 
memory modules different in operational speed are in- 
vloved, thereby establishing a.favorable data transfer. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0023] . The objects and features of the present inven- 
tion will become more apparent from consideration of 
the following detailed description taken in conjunction 
with the accompanying drawings in which; 
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FIG. 1 is a schematic block diagram of a semicon- 
ductor disk device according to an embodiment of 
the present invention; 

FIG. 2 is a schematic block diagram of a conven- 
tional semiconductor disk device; so 
FIG. 3 is a time chart useful for understanding the 
semiconductor disk device shown in FIG. 2; 
FIG. 4 is a schematic block diagram of a semicon- 
ductor disk device wherein a plurality of memory 
module groups are provided, which is a modification ss 
from the embodiment shown in FIG. 1 ; 
FIG. 5 is a time chart useful for understanding the 
semiconductor disk device according to the embod- 



iment; 

FIG. 6 is a schematic block diagram of a semicon- 
ductor disk device according to an alternative em- 
bodiment of the present invention: 
FIG. 7 is a time chart useful for understanding the 
semiconductor disk device shown in FIG. 6; 
FIG. 8 is a schematic block diagram of a semicon- 
ductor disk device according to a further alternative 
embodiment of the present invention; 
FIG. 9 is a time chart useful for understanding the 
semiconductor disk device shown in FIG. 8; 
FIG. 10 is a schematic block diagram of a semicon- 
ductor disk device according to a still further alter- 
native embodiment of the present invention; 
FIG. 11 is a time chart useful for understanding the 
semiconductor disk device shown in FIG. 10. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



(A) First embodiment 

[0024] The first embodiment, in which the present in- 
vention is applied to a semiconductor disk device, will 
be described in conjunction with the accompanying 
drawings. It is noted that the first and second embodi- 
ments are involved in the case where alt the memory 
modules in a semiconductor disk device are of the same 
operational speed. In this respect, these embodiments 
are different from the third and fourth embodiments, 
which will be described later. 

[0025] An aspect of the semiconductor disk device ac- 
cording to the first embodiment resides in writing data 
into the memory modules. In order to simplify the under- 
standing of the aspect, FIG. 1 shows the use of a single 
memory module group. In FIG. 1, the like components 
are denoted by the same reference numerals or marks 
as those of FfG. 2. 

[0026] In FIG. 1 , the semiconductor disk device 1 A ac- 
cording to the first embodiment also comprises a mem- 
ory module group 2, a microcomputer 3A, a host inter- 
face 4, a buffer memory 5 and a memory controller 6A. 
However, the microcomputer 3A and the memory con- 
troller 6A are different from those of the semiconductor 
disk device 1 shown in FIG. 2. 

[0027] The microcomputer 3A stores delay informa- 
tion 3Aa for each of the memory modules 21, 2n in 
the case where data are transferred to the memory mod- 
ules 21, 2n. For example, the delay information 3Aa 
is stored in the form of a microprogram. When the mi- 
crocomputer 3A recognizes the memory module 2i into 
which data is to be written, the microcomputer 3A feeds 
the delay information 3Aa and the associated writing 
signal to the memory controller 6A, prior to starting of 
data transfer to the memory module group 2 by a mem- 
ory control circuit 10 which will be described later. 
[0028] The memory controller 6A comprises the 
memory control circuit 10. which corresponds to the 



XXriD: <EP 1035478A2_I_> 



4 



EP 1 035 478 A2 



control circuit of the memory controller 6 in the semicon- 
ductor disk device 1 shown in FIG. 2, and in addition a 
plurality of delay devices 11.12 and 13, a selector 14 
and a delay information register 15. in the specific em- 
bodiment, three delay devices 11,12 and 1 3 are exem- 
plarily provided. 

[0029] The memory control circuit 1 0 serves to output 
the serial data for control to the memory module 2i to be 
accessed in synchronism with the clock signal, convert 
the transfer data read out from the buffer memory 5 via 
the host interface 4 into the serial data, and output the 
data thus converted to the memory module 2i to be ac- 
cessed in synchronism with the clock signal, in accord- 
ance with control information outputted from the micro- 
computer 3A. 

[0030] Three delay devices 11-13 are connected with 
each other in a cascade fashion as shown. This cascade 
connection is arranged so as to receive the serial data 
outputted from the menhory control circuit 10. Thus, four 
serial data, which are mutually different in phase by a 
predetermined unit of delay time^ are obtained from the 
front and back stages of the cascade connection and 
the middle taps. These data are fed to the selector 14 
as a selection input- The selector 14 receives a delay 
device selection signal from the delay information reg- 
ister 1 5 and selects the serial data according to the delay 
device selection signal. The serial data thus selected is 
sent out to the data line LDAT connected to the memory 
module group 2. 

[0031] The unit delay time is set up to such a degree 
that even the time difference between non-delayed se- 
rial data and the most delayed serial data is shorter than, 
for example, the half of the period of the clock signal. 
The delay devices 11-13 may be implemented as a plu- 
rality of inverter devices connected in series, or a plu- 
rality of latch circuits which are connected in series and 
each adapted to latch data in response to a clock signal 
of higher speed than the clock signal (writing clock sig- 
nal) to be supplied to the memory module group 2. 
[0032] The delay information register 15 receives the 
delay information 3Aa, which was outputted from the mi- 
crocomputer 3A prior to starting of the data transfer by 
the memory control circuit 10= and the writing signal as 
well. Thus, the delay information register 15 holds the 
delay information in accordance with the writing signal. 
The delay information thus held is fed to the selector 1 4 
in the form the delay device selection signal. 
[0033] It is practical that the memory controller 6A is 
solely mounted on a single semiconductor chip, or 
mounted together with the host interface 4 and the buffer 
memory 5 on a single semiconductor chip. This involves 
no problem as to the transfer delay not intended in the 
memory controller 6 A, but involves problems as to a de- 
viation of transfer delay on the data line LDAT and the 
clock signal line LCLK connected to the memory mod- 
ules 21 , .... 2n, a variation of the transfer delay, and the 
like. 

[0034] The delay information 3Aa involved in the 



8 

memory modules 21,..., 2n. which is stored beforehand 
in the microcomputer 3A, is determined taking into con- 
sideration a deviation of transfer delay on the data line 
LDAT and the clock signal line LCLK connected to the 

5 memor/ modules 21 . 2n, which lines are formed on 
a printed circuit board, a variation of the transfer delay 
and the like. For example, it is acceptable that the delay 
information is uniquely determined depending upon 
where the memory modules 21 2n are kx^ated, for 

10 example, the length of the signal lines of the memory 
modules 21, 2n. Alternatively, the optimum delay in- 
formation is determined through an experiment after the 
memory modules 21 , .... 2n are mounted. 
[0035] In FIG. 1, for the purpose of simplification of 
the explanation of the structure, there is shown the use 
of a single memory module group 2. However, actually, 
a plurality of memory nrxxdule groups 2 may often be pro- 
vided. FIG. 4 shows an embodiment in which a plurality 
of memory module groups 2 are provided, and the mem- 

20 ory controller 6A in FIG. 1 is supplemented. 

[0036] In the memory controller 6A, at the output side 
of the selector 1 4 for selecting seirial data which are mu- 
tually different in delay time, there is provided another 
selector 16 for selecting memory module groups 2-1 , .... 

25 2-x, where x is a natural number Also, at the sending 
out side of the clock signal of the memory control circuit 
10, there is provided a further selector 17 for selecting 
memory module groups 2-1 , 2-x. These selectors 16 
and 1 7 are arranged to receive on a common basis mod- 

30 ule group selection signal from a module group informa- 
tion register 18 which serves to hold module group in- 
formation supplied from the microcomputer 3A, so as to 
select a data line LDAT-j and a clock signal line LCLK-j 
to a desired memory module group 2-j, where j is an 

35 integer 1 to x. 

[0037] In the case where a plurality of memory module 
groups 2-1, 2-x are provided, a plurality of data lines 
LDAT-1 to LDAT-x and a plurality of clock signal lines 
LCLK-1 to LCLK-x. may be connected into a star con- 

40 nection, respectively. 

[0038] To effect a writing "operation on the semicon- 
ductor disk device 1 A mentioned above, there is a need 
to supply from a host computer, not shown, to the sem- 
iconductor disk device 1A a command including infor- 
ms matbn such as a header No: , a cylinder No. , a top sector 
No., the number of writing sectors and the like, and an 
additional command for instructing a writing operation. 
After issuance of these commands, data are transferred 
after the lapse of a predetermined time corresponding 

50 to the seek time, the rotation period and the like. 

[0039] Upon receipt of the commands through the 
host interlace 4, the microcomputer 3A decodes and 
converts the commands into control information acces- 
sible to a memory module 2i-j, the control information 

55 including an indication designating a memory module 
2i-j and an address designating a sector in that memory 
module 2i-j, into which data is to be written, where j is a 
natural number between 1 and n, inclusive, and j is a 
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natural number between 1 andx. inclusive. The control 
infornnation thus converted includes delay information 
3Aa as to the nnemory module 2i-j and module group 
information. On the other hand, transmitted data is fed 
through the host interface 4 to the buffer memory 5. 
[0040] The microcomputer 3A first feeds delay infor- 
mation 3Aa and the associated writing signal to the de- 
lay informatton register 15 within the memory controller 
6 A to hold the same therein so as to define the selection 
stdtc of ihc selector 14, and on the other hand, feeds 
module group information and the associated writing 
signal to the nrodule group information register 18 within 
the memory controller 6A to hold the same therein so 
Hs to dc'inc the solocllon states of the selectors 16 and 
1 7 thereby sc:ttng up a transfer pulse to a desired mem- 
ory mocJuio 2*- T hereafter, the microcomputer 3A feeds 
control nio-nrwiton to the memory control circuit 10 with- 
in the memory controller 6 A to start the transfer. 
[004t] Upor foccpi of the control information, the 
momof y coriirol circuit 10 outputs serial data lor control, 
wfiicli conbibt:> u4 address, a control signal for in- 
si^-ucting writing ^nd the like, in synchronism with the 
clock signal The serial data for control outputted from 
the memory control circuit -10 is phase-shifted through 
vannolc phjoc shift means comprising the delay stages 
11-13 and tho soloctor 14. and then outputted via the 
selector 16 to a dos<rod data line LDAT-j. On the other 
hand the clock Signal outputted from the memory con- 
trol ctrcuit 10 IS outputted via the selector. 1 7 to a desired 
clock signal line LCLK-j Thus, a desired memory mod- 
ule 2i-j recogni/es that a sector of data will be trans- 
ferred thereto and waits for the transferred data 
[0042] Subsequent to sending out the controlling se- 
rial data, the memory control circuit 10 is operative to 
read a sector of data out of the buffer rnempry 5 and 
practice a parallel-to-serial conversion to the data thus 
read out. The data subjected to parallel-to-serial. con- 
version are outputted in synchronism with the clock sig- 
nal. Alsoat that time, the serial data for control outputted 
from the memory control circuit 10 is phase-shifted 
through variable phase shift means comprising the de- 
lay stages 11 - 1 3 and the selector 1 4, and then outputted 
via the selector 16 to desired data line LDAT-j. On the 
other hand, the clock signal outputted from the memory 
control ctrcuit 10 is outputted via the selector 17 to a 
desired clock signal line LCLK-j The memory module 
2i-j, which recognizes that data will be transferred there- 
to, receives the transferred serial data in synchronism 
with the clock signal. Such a transfer on a sector-by- 
sector basis is repeated by the corresponding number 
of sectors instructed from the host computer. 
[0043] When the memory module to be destined is al- 
tered, while transferring, from the memory module 2i-j 
to the the memory module 2k-j, k is a positive integer 
between 1 and n, inclusive, the microcomputer 3A tem- 
porarily interrupts the data transfer to feed the delay in- 
formation 3Aa and the associated writing signal to the 
delay information register 1 5 within the memory control- 



ler 6A so as to alter the selection state of the selector 
14, and thereafter resume the data transfer. Also when 
the memory module group to be destined is altered, the 
similar control for adjusting the amount of phase shift of 
5 the serial data is performed. 

[0044] FIG. 5 is a time chart showing an example of 
timing of writing data from the memory controller 6A into 
the memory module in the semiconductor disk device 
according to the first embodiment. With respect to the 

10 memory module 2n-1 nearest to the memory controller 
6A in the memory module group 2-1 (refer to parts (a) 
and (b) of FIG. 5) and up to the memory module 21-1 
farthest from the memory controller 6A in the memory 
module group 2-1 (refer to parts (c) and (d) of FIG. 5), 

fs the phase of the transfer data is regulated in compliance 
with the associated memory module. Consequently, 
even if a deviation in timing were induced during taking 
the clock signal and data into the respective memory 
modules owing to the various kinds of causes as der 

20 scribed earlier in connection with the background art, 
such a deviation will be suppressed through the above- 
mentioned phase regulation. ThuS; as seen from FIG, 
5, it is possible for the respective memory modules to 
receive the transferred data in a suitable timing, thereby 

25 providing sufficient set-up time and hold time. 

[0045] As mentioned above, according to the first em- 
bodiment, there is stored beforehand in the microcom- 
puter 3A delay information 3 Aa according to a difference 
in transfer timing of the clock signal and the data for each 

30 memory module 2i-j at the time of writing data from the 
memory controller 6A into the memory module 2i-j. and 
when the data is written, the delay information 3Aa is 
written from the microcomputer 3A into the delay infor- 
mation register 15 to regulate the phase of the trans- 

35 ferred data. Thus, it is possible to provide optimum set- 
up time and hold time during writing of data into the 
memory module 2i-j. Therefore, there is no need to- 
adapt the clock period and the like for the worst timing 
of memory module, thereby enabling a high speed writ- 

40 ing of memory data. 

[0046] As mentioned above, the writing of data into 
the memory module 2i-j involves the problem in a phase 
relation between data and the clock signal. Since the 
phase relation is relative, there is a way in which the 

4S phase of the clock signal is controlled without altering 
the phase of data. This way may be considered as a 
modification of the first embodiment of the present in- 
vention. However, the clock signal is utilized throughout 
the semiconductor disk device^ and there is frequent 

so such a case that it is not preferable that the phase of the 
clock operative inside the memory controller 6A is dif- 
ferent from that outputted to the exterior. Thus, in view 
of the above, it is preferable that the phase of data is 
controlled. 

55 

(B) Second embodiment 

[0047] The second embodiment, in which the present 
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invention is applied to a semiconductor disk device, will 
be described. in conjunction with other figures of the ac- 
companying drawings. An aspect ot the semiconductor 
disk device according to the second embodiment re- 
sides in reading out of the memory modules. In order to s 
simplify the explanation of the aspect, FIG. 6 shows the 
use of a single memory module group. In an application 
using a plurality of memory module groups, the FIG. 6 
embodiment is not directly applicable but may be mod- 
ified as seen from FIG. 4. In FIG. 6, the like elements 
are denoted by the same reference numerals or marks 
as those of FIG. 2. 

[0048] In FIG. 6, the semiconductor disk device 1 B ac- 
cording to the second embodiment also comprises a 
memory module group 2, a microcomputer 3B, a host 
interface 4, a buffer memory 5 and a memory controller 
6B. However, the microcomputer 3B and the memory 
controller 6B are different from those of the semiconduc- 
tor disk device 1 shown in FIG. 2. 
[0049] The microcomputer 3B stores delay inforhna- 
tion 3Ba for each of the memory modules 21 , 2n in 
the case where data are transferred to the memory mod- 
ules 21, 2n. For example, the delay information 3Ba 
is stored in the form of a microprogram. When the mi- 
crocomputer 3B recognizes the memory module 2i out 
of which data is read, the microcomputer 3B feeds the 
delay information 3Ba and the associated writing signal 
to the memory controller 6B, prior to starting of data 
transfer from the memory module group 2 by a memory 
control circuit 30 v^hich will be described later 
[0050] The memory controller 6B comprises the 
memory control circuit 30, which corresponds to the 
control circuit of the memory controller 6 in the semicon- 
ductor disk device 1 shown in FIG. 2, and a circuit 31 
for receiving read data, which may comprise flip-flops, 
and in addition a plurality of delay devices 32, 33 and 
34, a selector 35 and a delay information register 36. In 
the specific embodiment also, three delay devices 32, 
33 and 34 are exemplarily provided. 
[0051] The memory control circuit 30 serves to output 
the serial data for control to the memory module 2i to be 
accessed in synchronism with the clock signal, convert 
the transfer data read out from the memory module 2i 
by the receiving circuit 31 in synchronism with the clock 
signal, and stores the data thus converted in the buffer 
memory 5 via the host interface 4, in accordance with 
control information outputted from the microcomputer 
3B. 

[0052] According to the second embodiment of the 
semiconductor disk device, the clock signal outputted to 
the memory module 2i to read data out of the memory 
module 2i and the clock signal to cause the receiving 
circuit to receive data read out of the memory module 
2i are different in phase from each other. Specifically, 
according to the second embodiment, the phase of the 
clock signal with which the receiving circuit receives da- 
ta read out of the memory module 2i is varied from mem- 
ory module by memory module. To implement such a 



function, there are provided three delay devices 32-34, 
the selector 35 and the delay information register 36. 
[0053] Three delay devices 32-34 are connected with 
each other in a cascade fashion. This cascade connec- 
tion is arranged so as to receive the clock signal output- 
ted from the memory control circuit 30, which cbck sig- 
nal is also sent out to the clock signal line LCLK. Thus, 
four clock signals, which are mutually different in phase 
by a predetermined unit of delay time, are obtained from 
the front and back stages of the cascade connection 
stages and the middle taps. These clock signals are fed 
to the selector 35 as a selection input. The selector 14 
receives a delay device selection signal from the delay 
information register 36 and selects the ctock signal ac- 
cording to the delay device selection signal. The clock 
signal thus selected is sent but to the receiving circuit 
31 as a receiving clock signal. 

[0054] While there is no need that the unit delay time 
is the same as that of the first embodiment, the unit delay 
lime is set up to such a degree that even the time differ- 
ence between rion-delayed clock signal and the most 
delayed clock signal is shorter than, for example, the. 
half of the period of the clock signal. 
[0055] The delay information register 36 receives the 
delay information 3Ba, which was outputted from the mi- 
crocomputer 3B prior to starting of the data transfer from 
the memory module 2i by the memory control circuit 30. 
and the writing signal as well: Thus, the delay informa- 
tion register 36 holds the delay information in accord- 
ance with the writing signal. The delay information thus 
held is fed to the selector 35 as the delay device selec- 
tion signal. 

[0056] In order to read data out of the memory module 
2i, the clock signal is applied to the memory module 2i. 
The mernory controller 6B receives the data thus read. 
This involves problems as to a deviation in timing, v;hich 
will be more severe than, that of writing operation. 
[0057] The delay information 3Ba involved in the re- 
spective memory modules 21 ..... 2n, which is stored be- 
forehand in the microcomputer 3B, is determined taking 
into consideration a deviation of transfer delay on the 
data line LDAT and the clock signal line LCLK connected 
to the memory modules 21...., 2n, which lines are 
formed on a printed circuit board, a variation of the trans- 
fer delay, and the like. For example, the delay informa- 
tion may uniquely be determined in dependence upon 
where the the memory modules 21, 2n are located, 
for example, the length of the signal lines and the like. 
Alternatively, the optimum delay information is deter- 
mined through a measurement pertormed after the 
memory modules 21 , .... 2n are mounted. 
[0058] In FIG. 6, for the purpose of simplification of 
the explanation of the structure, there is shown the use 
of a single memory module group 2. However, actually, 
a plurality of memory module groups 2 may often be pro- 
vided. While an illustration is omitted, in an application 
where a plurality of memory module groups are provid- 
ed, there may be provided a selector or the like to select 
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a clock signal tine and a. data line to which a desired 
memory module is coupled (refer to FIG. 4). 
[0059] To effect a reading operation on the semicon- 
ductor disk device 1 8 mentioned above, there is a need 
to supply from a host computer side, not illustrated, to 
the semiconductor disk device 1 B a command including 
information such as a header No., a cylinder No., the 
top sector No,, the number of reading sectors and the 
like, and an additional command for instructing a read- 
out operation. 

[0050] Upon, receipt of the commands through the 
host interface 4, the microcomputer 3B decodes and 
converts the commands into control information acces- 
sible to a memory module 2i, the control information in- 
cluding an indication designating a memory module 2i 
and an address designating a sector in that memory 
module 2i, from which data is to bo read out. The control 
information thus converted includes -delay information 
3Ba as to the memory module 2i. : 
[0061] The microcomputer SB first feeds delay infor- 
mation 3Ba and the associated writing signal to the de- 
lay information register 36 within the menrtcry controller 
6B to hold the. same therein so as to define the selection 
state of the selector 35, thereby setting up a clock phase 
to receive data from a desired memory module 2i. 
Thereafter, the microcomputer 3B feeds control infor- 
mation to the memory control circuit 30 within the mem- 
ory controller 68 to start the readout transfer 
[0062] Upon having received the control information, 
the memory control circuit 30 outputs serial data lor con- 
trol, which consists of an address, a control signal for 
instructing writing and the like, in synchronism with the 
clock signal which is not subjected to a phase control. 
This operation can be implemented with, for example, 
the structure of the first embodiment. 
[0063] The.memory control circuit 30 sends out, even : 
after sending out the controlling serial data, subsequent- 
ly the clock signal not subjected to a phase control over 
the clock signal line l-CLK to the memory module group 
2. A desired memory module 2i recognizes on the basis 
of the controlling serial data that itself ought to perform 
a readout operation, and takes a standby state. There- 
after, the memory module 2i sends out data to the data 
line LDAT in synchronism with the incoming clock signal. 
[0064] The data read from the desired memory mod- 
ule 2i onto the data line LDAT are received by the re- 
ceiving circuit 31 in repsonse to the phase-controlled 
clock signal outputted from the selector 35, and there- 
after converted by the memory control circuit 30 into a 
parallel data, in the memory controller 68. The data thus 
obtained are stored in the buffer memory 5 through the 
host interface 4. The readout data stored in the buffer 
memory 5 are sent out through the host interface 4 to 
the host computer. When data are read out of another 
memory module 2n within the memory module group 2, 
the similar processing is also effected. 
[0065] FIG. 7 is a time chart showing an example of 
a timing for reading data from the memory module in the 



memory controller 68 in the semiconductor disk device 
according to the second embodiment. 
[0066] With respect to the memory module 2n nearest 
to the memory controller 68 in the memory module 

5 group 2 (refer to parts (a) and (b) of FIG. 7) and up to 
the memory module 21 farthest from the memory con- 
troller 68 in the memory module group 2 (refer toparts 
(c) and (d) of FIG. 7), the phase of the clock signal to 
receive the transfer data is regulated in compliance with 

TO the associated memory module. Consequently even if 
a deviation in timing for taking data into the receiving 
circuit 31 were induced owing to the various kinds of 
causes as described in connection with the background 
art, such a deviation will be suppressed through the 

^5 above-mentioned phase regulation. Thus, as seen from 
FIG. 7, it is possible for the memory controller 6B (the 
receiving circuit 31 ) to receive the transferred data at a 
suitable timing, thereby providing sufficient set-up time 
and hold time. 

^0 [0067] As mentioned above, according to the second 
embodiment, there is stored beforehand in the micro- 
computer 38 delay information 38a according to a dif- 
ference in transfer timing, depending on where each 
memory module 2i is located, at the time of reading out 

25 data from the memory module 2i.into the memory con- 
troller 68, and when the data is read out, the delay in- 
formation 3Ba is written from the microcomputer 3B into 
the delay information register 36 to regulate the phase 
of the receiving clock signal. Thus, it is possible to re- 

30 ceive the readout data from the memory module at a 
suitable timing, and also to provide suitable set-up time 
and hold time even in the case of readout from any mem- 
ory module. Therefore, there is no need to control the 
clock signal of the apparatus taking into consideration 

35: the worst timing of memory module, thereby enabling a 
high speed readout of memory data 
[0068] The second embodiment may be modified 
such that the phase-controlled clock signal is applied to 
the memory modules and non -phase-control led clock 

40 signal is applied to the receiving circuit 31 . However, in 
view of a consistency with the situation in which non- 
phase-controHed clock signal is applied to the memory 
modules during writing data into the memory module, 
and also a possibility that a period from the time point 

46 when the clock signal is send out to the time point when 
data is received is etngated, it is preferable that as in 
the second embodiment^ non-phase-controlled clock 
signal is applied to the memory modules and the phase- 
controlled clock signal is applied to the receiving circuit 

so 31. 

[0069] In a similar fashion to that of the first embodi- 
ment, it may be also a modification that the readout data 
is controlled in phase and the clock signal from the mem- 
ory control circuit 30 is directly applied to the receiving 
55 circuit 31. 
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(C) Third embodiment 

[0070] The third embodiment, in which the present in- 
vention is applied to a semiconductor disk device, will 
be described in conjunction with still other figures of the 
accompanying drawings. An aspect of the semiconduc- 
tor disk device according to the third embodiment re- 
sides in writing data into the memory modules. The sem- 
iconductor disk device according to the third embodi- 
ment is similar in many parts to that according to the first 
embodiment. Hence, points different from the first em- 
bodiment will be mainly described hereinafter and re- 
dundant descriptbn will be omitted. 
[0071] FIG. 8 is a schematic block diagram of a sem- 
iconductor disk device 1C according to the third embod- 
iment ot the present invention. In FIG. 8; the like ele- 
ments are denoted by the same reference numerals or 
marks as those of FIG. 1. In FIG. 8, a memory module 
group 2C in the semiconductor disk device 1 C according 
to the third embodimeni has a plurality of memory mod- 
ules 21 C - 2nC having different operational speeds. It is 
assumed thai there are provided two operational 
speeds so that the memory module 2nG nearest to the 
memory controller 6G is of a higher speed (e.g. 1 00ns) 
and the memory module 21 C farthest from the rnerTiory 
controller 6C is of a lower speed (e.g. 250ns). 
[0072] For example, in the case where it is desired to 
prevent the cost of the overall device from being in- 
creased and in addition to enable data accessed more 
frequently, at least, to be accessed at higher speed, and/ 
or in the case where a large quantity of memory modules 
having the same operational speed is not available, it 
will be useful to adopt a plurality of memory moduSes 
having different operational speeds. 
[0073] Since the high speed memory module is ac-. 
cessible at high speed, it is preferable that the higher- 
speed memory module is mounted at the side nearer 
the memory controller 60. 

[0074] The microcomputer 30 and the memory con- 
troller 60 are different in structure from the first embod- 
iment accordingly as the memory module group 2C has 
a plurality of memory modules 21 C - 2nC having differ- 
ent operational speeds. 

[0075] The microcomputer 30 stores also timing in- 
formation 3Ca consisting of delay information for each 
of the memory modules 21, .... 2n for transferring data 
to the memory modules 21. .... 2n, and information 
(hereinafter referred to as clock width information) as to 
the clock signal which is used at that time. For example, 
the timing information 30a is stored in the form of a mi- 
croprogram. When the microcomputer 30 recognizes 
the memory module 2i into which data is to be written, 
the microcomputer 30 feeds the timing information 3Ca 
and the associated writing signal to the memory control- 
ler 60, prior to starting of data transfer to the memory 
module group 2 by a memory control circuit 100. 
[0076] The memory controller 6C has a timing infor- 
mation register 1 5C instead of the the delay information 



register 15 in the first embodiment. The timing informa- 
tion register 15C serves to hold therein the timing infor- 
mation 3Ca when the timing information 3C and the as- 
sociated writing signal are fed from the microcomputer 

5 3C. The timing information register 1 50 feeds the delay 
information to a selector 1 4 in the form of a delay device 
selection signal and also feeds the clock width infomna- 
tion to the memory control circuit 100. 
[0077] The memory control circuit 100 incorporates 

TO thereinto a clock width control unit 1 0Ca to adopt a clock 
signal according to the clock width information fed from 
the timing information register 1 5C. The clock width con- 
trol unit lOCa may, for example, be of the type in which 
the dividing ratio of an oscillated signal of ah oscillator 

^5 is varied in accordance with the clock width information 
so as to generate a desired clock signal, or. alternatively, 
in which a clock signal for use in a higher-speed memory 
module is a basic clock signal, which is in turn divided 
in frequency to produce a clock signal for use in a lower- 

20 speed memory module, when adopted. 

[0078] According to the third embodiment of the sem- 
iconductor disk device, the clock signal and its phase- 
shift quantity as well are selected in accordance with the 
memory module to be destined. 

25 [0079] The arrangement of the third embodiment is 
similar to that of the first embodiment, except for the 
above-mentioned features. Thus the redundant expla- 
nation will be omitted. Also in an application using a plu- 
rality of memory modules, it is similar to that of the first 

30 embodiment, except for the above-mentioned features: 
Thus the redundant description will also be omitted. 
[0080] To effect a writing operation on the semicon- 
ductor disk device 10 mentioned above, there is a need 
to supply from a host computer, not illustrated, to the 

36 semiconductor disk device 10a command including in- 
formation such as a header No., a cylinder No., the top 
sector No., the number of writing sectors and the like, 
and an additional command for instructing a writing op- 
eration. After issuance of these commands, data are 

"^0 transferred after the lapse of a predetermined time cor- 
responding to the seek time, the rotation period and the 

■ ■• like. 

[0081] Upon receipt of the commands through the 
host interface 4, the microcomputer 3C decodes and 

45 converts the commands into control information acces- 
sible to a memory module 2i, the control information in- 
cluding an indication designating a memory module 2i 
and an address designating a sector in that memory 
module 2i, into which data is to be written. The control 

50 information thus converted includes the timing informa- 
tion 3Ca, consisting of the delay information and the 
clock width information, as to the memory module 2i. On 
the other hand, transmitted data is fed through the host 
interface 4 to the buffer memory 5. 

55 [0082] The microcomputer 3C first feeds the timing in- 
formation 30a and the associated writing signal to the 
timing information register 15C within the memory con- 
troller 6C to hold the same therein so as to define the 
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selection state, or the phase of clock signal, of the se- 
lector 14. define a clock signal to be outputted from the 
memory control circuit IOC (to select the width or dura- 
tion of the clock signal), and set up a transfer path to a 
desired memory module 2i. As a result, there is adopted 
a clock signal suitable for the desired memory module 
21. Thereafter, the microcomputer 3C feeds control in- 
formation to the memory control circuit 10C within the 
memory controller 6C to start the transfer of data. The 
operation during the transfer is similar to that of the first 
embodiment, so that a redundant description will be 
omitted- 

[0083] The above-mentioned transfer operation is 
performed in a similar fashion independently of the op- 
erational speed of the memory module to be destined, 
but different in the clock width information and the delay 
information. 

[0084] FIG. 9 is a time chart showing an example of 
timing for writing data from the, memory controller 6C 
into the memory module .in the semiconductor disk de- 
vice according to the third embodiment. With respect to 
the memory module 2n nearest to the memory controller 
6C in the memory module group 2 (refer to parts (a) and 
(b) of FIG. 9), while a clock signal having a clock width 
or period according to the higher operational speed is 
applied thereto, the phase of the transfer data synchro- 
nized with the clock signal is regulated in compliance 
with the associated memory module. Consequently, it is 
possible to receive the transferred data in a suitable tim- 
ing, thereby providing sufficient set-up time and hold 
time. On the other hand, with respect to the memory 
module 2 1 farthest from the memory controller 60 in the 
memory module group 2 (refer to parts (c) and (d) of 
FIG. 9), a clock signal having a clock width or period 
according to the lower operational speed is applied 
thereto. Thus, in this respect, it is possible to receive the 
transferred data in a suitable timing, thereby providing 
sufficient set-up time and hold.time. Further, the phase 
of the transfer data synchronized with, the clock signal 
is regulated in compliance with the associated memory 
module. Consequently, also in this respect, it is possible 
to receive the transferred data in a suitable liming, there- . 
by providing sufficient set-up time and hold time. 
[0085] As described above, according to the third em- 
bodiment, there are stored beforehand in the microcom- 
puter 3C writing clock width information to the respective 
memory modules and delay information of memory data 
signal to the writing clock. When the data is written, in- 
formation 3Ca including those kinds of information is 
written from the microcomputer 3C into the register 1 50 
so as to select the clock width, or the kind of clock signal, 
and the quantity of phase shift of the clock signal. Thus, 
even if the semiconductor disk device 1 C includes mem- 
ory modules which are different in operational speed 
performance, it is possible to provide an adequate clock 
width, set-up time and hold time even during writing data 
into any memory module 2i. 

[0086] The third embodiment thus enables memory 



modules which are different in operational speed per- 
formance to be incorporated in the same semiconductor 
disk device 1C. and data which is to be written more 
frequently to be stored in a higher-speed memory. Thus, 
5 more efficient data writing and also higher speed oper- 
ation are accomplished in the overall system. 
[0087] The semiconductor disk device may be ar- 
ranged in such a manner that the memory modules in 
each memory module group are provided with the same 
TO operational speed as each other, but the memory mod- 
ules are varied in operational speed between the differ- 
ent memory module groups. This constitutes a modifi- 
cation of the third embodiment of the present invention. 
However, providing higher-speed memory modules in a 
75 place farther from the memory controller 6C will involve 
missing the higher speed performance of the memory 
modules. Hence, it is preferable, as in the third embod- 
iment, to mount the higher-speed memory modules at a 
place nearer the memory controller 60. 
[0088] Further, the semiconductor disk device may be 
arranged in such a manner that the delay devices 11-13 
and the selector 1 4 are omitted, and only the clock width 
is varied in accordance with a desired memory module. 
This constitutes another modification of the third embod- 
iment of the present invention. 

(D) Fourth embodiment 

[0089] The fourth embodiment, in which the present 
invention is applied to a semiconductor disk device, will 
be described in conjunction with the remaining figures 
of the accompanying drawings. An aspect of the semi- 
conductor disk device according to the fourth embodi- 
ment resides, similar to that of the second embodiment, 
in reading out data from the memory modules. The sem- 
iconductor disk device according to the fourth embodi- 
ment is similar in many parts to that according to the 
second embodiment. Hence, points different from the 
second embodiment will be mainly described hereinaf- 
ter and redundant description will be omitted. 
[0090] FIG. lOisaschematicblockdiagramof a sem- 
iconductor disk device 1 D according to the fourth em- 
bodiment of the present invention. In FIG. 10, the like 
elements are denoted by the same reference numerals 
or marks as those of FIG. 6. 

[0091] To effect a readout operation on the semicon- 
ductor disk device 1 D mentioned above, there is a need 
to supply from a host computer, not shown, to the sem- 
iconductor disk device 1 D a command including infor- 
mation such as a header No., a cylinder No., the top 
sector No., the number of writing sectors and the like, 
and an additional command for instructing a readout op- 
eration. 

[0092] Upon receipt of the commands through the 
host interface 4, the microcomputer 3D decodes and 
converts the commands into control information acces- 
sible to a memory module 2iD, the control information 
including an indication designating a memory module 
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2iD and an address designating a sector in that memory 
mcxlulo ?\0 from which data is to be read out. The con- 
trol inlorrrvHlion thus converted Includes timing informa- 
tion 3Drt consisting of dolay information and clock width 
information as lo the memory module 2iD. 
[0093] The mc'ocomputer 3D first feeds timing infor- 
mation 3Drt ard the associated writing signal to the tim- 
ing information register 36D within the memory control- 
ler 6D to hotd the same therein so as to define the se- 
lection stale (phriso of iho clock signal) of the selector 
35. define a cioct^ signal to be outputted from the mem- 
ory control circuit 1 CD (to select the clock width) with the 
use of cloc^ wKJih control unit 30Da, and set up a path 
of the clock stgrxnt to a desired memory module 2iD. As 
a result, there is ^idcptcd a ckxk signal suitable for the 
desired memory -rxxJuk: 2i Thereafter, the microcom- 
puter 3D.fccdscontro* miorrrviiion to the memory control 
circuit SOD witnm tno rrorr<y> conirolter 6D to start the 
transfer. 

[0094] Upor fttcpi ijt tt»c coniiol information, the 
memory contiol cwcutf ooU^ulb bciial data for con- 
trot, which consisis J «JL>rc%s control signal for 
instructing readout r^xj i*'^ i*feo n synchronism with the 
clock signal as :>aci. toe) tr>c rrcmory module 2iD 
which isnot sub)oc!oo i p^L•'^ control This operation 
can be implemontoo w^'f to* oa.^pk) the functions of 
the third em bodiPTort 

[0095] The momo> crw^uc't circurt 30D sends out, 
even after having v>nt cmM ttto rnrirolling serial data, 
subsequently Iho ctrrh -jn^i ^^sociated with the mem- 
ory module 2iD. wtiicn e not suDfCcted to a phase con- 
trol, over the clock siyvti lCLK lo the memory mod- 
ule group 2D. A dcsir oo mcfrc<Y module 2iD recognizes 
on the basis of the contr o«riq scial data that the mem- 
ory module 2iD itself ou-^t to poiorm a readout opera- 
tion, and takes a stancsty st^^ic Thof'eafter, the memory 
module 2iD sends out ait^ lo the data line LDAT in syn- 
chronism with the incor-ttfvj cock signal. 
[0096] The data road out tfom the desired memory 
module 2iD onto the dnx ir>c LDAT are received by the 
receiving circuit 31 m rcsp^isc lo the phase-controlled 
clock signal outputted from tho selector 35, and there- 
after converted by the rrcmory control circuit 30 into par- 
allel data, in the mcnrkcfy corifo*k}r 6D. The data thus 
obtained are stored m i*k: Du«cr memory 5 through the 
host interface 4. The rorKioui Onia stored in the buffer 
memory 5 are sent out miooq^ me hcsi interface 4 to 
the host computer. 

[0097] Also when dnln t^v caJ out of another mem- 
ory module 2nD within the memory module group 2D, 
the similar processing is cftccicd In this case, the timing 
information 3Da consiGimc; d the delay information and 
the clock width informal on is ,idoptcd in compliance 
with the memory moduk) ZnO 

[0098] FIG. 1 1 is a time cn^n s^>owlng an example of 
a timing for writing data from inc memory controller 6D 
into the memory modulo in irv s<imr,onduclor disk de- 
vice according to the fourth omt>Ddimohl 
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[0099] With respect to the memory module 2nD near- 
est to the memory controller 6D in the memory module 
group 2D, while a clock signal having a clock width, or 
period, according to the higher operational speed is ap- 
plied thereto, the phase of the clock signal for receiving 
the transferred data from the memory module 2nd is reg- 
ulated. Consequently, even if a deviation in timing to 
take data into the receiving circuit 3i were induced ow- 
ing to the various kinds of causes as described in con- 
nection with the background art, such a deviation will be 
suppressed through the above-mentioned phase regu- 
lation, as seen from parts (a) and (b) of FIG. 11 . Thus, 
it is possible for the memory controller 6D or the receiv-. 
ing circuit 31 to receive the transferred data in a suitable 
timing, thereby providing sufficient set-up time and hold 
time. 

[0100] On the other hand, with respect to the memory 
module 21 D farthest from the memory controller 6D in 
the memory module group 2, a clock signal having a 
clock width or period according to the lower operational 
speed is applied thereto. Thus, in this respect, the mem- 
ory controller 6D or receiving circuit 31 can receive the 
transferred data in a suitable timing, thereby providing 
sufficient set-up time and hold time. Further, a phase of 
the clock signal to receive the transfer data from the 
memory module 21 D is regulated. Consequently, even 
if a deviation in timing to take data into the receiving cir- 
cuit 31 werer induced due to the various kinds of causes 
as described in connectbn with the background art, 
such a deviation will be suppressed through the above- 
mentioned phase regulation, as seen from parts (c) and 
(d) of FIG. 11. Thus, also in this respect it is possible 
for the memory controller 6D or the receiving circuit 31 
to receive the transferred data in a suitable timing, there- 
by providing sufficient set-up time and hold time. 
[0101] As mentioned above, according to the fourth 
embodiment, there are stored beforehand in the-micro- 
computer 3D readout clock width information to the re- 
spective memory modules and delay information of re- 
ceiving clock signal to the readout clock, and when the 
data is read out, information 3Da including those kinds 
of information is written from the microcomputer 3D into 
the register 36D so as to select the clock width, or the 
kind of clock signal, and the quantity of phase shift of 
the clock signal. Thus^ even if the semiconductor disk 
device 1 D includes memory modules which are different 
in operational speed performance, it is possible to pro- 
vide an adequate clock width, set-up time and hold time 
even during the read out of any memory module 2iD. 
[01 02] In this manner, according to the fourth embod- 
iment, the same semiconductor disk device 1 D may in- 
clude memory modules which are different in operation- 
al speed performance, and data to be read out more fre- 
quently may be stored in a higher speed memory. Thus, 
more efficient data writing and also higher speed oper- 
ation are accomplished in the overall system. 
[0103] On the fourth embodiment also, it is possible 
to raise modifications similar to those of the third em- 
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bodiment. 

(E) Other embodiments 

[0104] While the above-mentioned embodiments are 
to use the memory modules intending the flash type of 
memory, other kinds of memory are applicable. It is not- 
ed that, for example, in an application in which data writ- 
ing is accomplished by means of an address line and a 
data line which are separately provided, there will be 
needed additionally means for shifting the phase of ad- 
dress data. 

[0105] Further, according to the above-described em- 
bodiments, information for timing control, such as delay 
information and timing information, is stored beforehand 
in the microcomputer. However, the system may be de- 
signed so as to store such information in the memory 
controller from the beginning. 

[0106] It is noted that the present invention is not re- 
stricted in application to the semiconductor disk device, 
but widely applicable to the semiconductor memory hav- 
ing a portion in which a plurality of memory modules are 
connected to a common signal line. For example, the 
present invention is also applicable to an apparatus in 
which memory module groups are directly accessed by 
the microcomputer, a CPU or the like. 
[0107] While the present invention has been de- 
scribed with reference to the particular illustrative em- 
bodiments, it is not to be restricted by those embodi- 
ments. It is to be appreciated that those skilled in the art 
can change or modify the embodiments without depart- 
ing from the scope and spirit of the present invention. 



2. A semiconductor memory comprising: 

a first memory module for access by a first clock 
signal; and 

5 a second memory module for access by a sec- 

ond clock signal; 

characterized in that 

10 the second clock signal has a clock width wider 

than that of the first clock signal; 
said second memory module having an opera- 
tional speed slower than an operational speed 
of said first memory module; 

^5 said memory further comprising an accessing 

circuit (3 A, 6A, 3B, 6B) tor providing said first 
memory module with data and the first clock 
signal, and said second memory module with 
data and the second clock signal; 

^0 said accessing circuit comprising a clock width 

varying unit (6A, 6B) for generating the first and 
second clock signals from a common ctock sig- 
nal input. 

25 3. A semiconductor memory according to claim 6, 
characterized in that 

said first and second memory modules and 
said accessing circuit (3A, 6A, 38, 68) are all con- 
nected through a common clock signal line and at 
30 least another common clock signal line. 



Claims 55 

1 . A semiconductor memory wherein a plurality of 
semiconductor memory modules are connected 
through a common clock signal line and at least one 
other common signal line to an access means for 40 
accessing said plurality of semiconductor memory 
modules, 

characterized in that 

said semiconductor memory modules are dil- 
ferent in operational speed, and said access 
means comprises: 

a timing information storage unit (3C, Fig. 8) for 
storing beforehand access timing information 
associated with said respective semiconductor so 
memory modules; and 

a clock width varying unit (6C, Fig. 8) for varying 
a clock width of a clock signal to be applied to 
one of said semiconductor memory modules to 
be accessed, on the basis of the access timing ss 
information stored in said timing information 
storage unit. 
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